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Summary

Three patients are described with unruptured 
large partially thrombosed aneurysms with a pe-
culiar donut-shaped remaining lumen. 

Observations suggest that the flow geometry 
of the aneurysm and parent vessels induces a 
preferential circular laminar flow inside the an-
eurysm followed by partial intraluminal throm-
bosis leaving a donut-shaped lumen to accom-
modate the circular flow. This flow mechanism 
of thrombus formation inside aneurysms is dif-
ferent from the more common repeated intra-
mural dissections and hemorrhages that cause 
growth in most large and giant partially throm-
bosed aneurysms. 

Introduction

Partially thrombosed aneurysms are a di-
verse collection of mostly large and giant aneu-
rysms characterized by organized intraluminal 
thrombus. 

The pathogenesis of intraluminal thrombus 
in these aneurysms is thought to be related to 
subacute or chronic wall dissections and re-
peated intramural hematomas, proliferating 
vasa vasorum and triggering of inflammatory 
mechanisms 1-4.

We recently encountered three patients with 
partially thrombosed large aneurysms with a 
peculiar donut-shaped remaining lumen where 
flow conditions probably played a major role in 
pathogenesis of the intraluminal thrombus. 

Case 1

A 50-year-old woman was referred for a na-
tive CT scan in another hospital because of in-
termittent dizziness. An aneurysm was suspect-
ed on this CT scan and on subsequent CT angi-
ography a large (20 mm) wide-necked aneu-
rysm on the basilar tip was evident (Figure 
1A,B). It was decided to coil this aneurysm af-
ter Y-stenting in both posterior cerebral arter-
ies and the patient was preloaded with double 
antiplatelet medication. However, after place-
ment of the first stent in the right posterior cer-
ebral artery, it was technically impossible to 
place the second stent in the left posterior cer-
ebral artery. Ten days later, the patient was re-
ferred to our hospital. On repeat angiography 
with 3D rotational angiography (3DRA), the 
aneurysm was now largely thrombosed leaving 
a donut-shaped lumen with circular laminar 
flow (Figure 1C,D). This lumen was occluded 
with coils without additional stent placement. 
Apparently, the thrombus was soft since the 
coils easily went into the thrombosed parts of 
the aneurysm. Follow-up MRA six months lat-
er showed reopening of the lumen with partial 
resolution of the intraluminal thrombus and 
the aneurysm was additionally coiled (not 
shown). Further MRA follow-up is scheduled.

Case 2

A 70-year-old woman with TIAs was re-
ferred for MRI and a large partially throm-
bosed basilar aneurysm was found. She was re-
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laminar with distal inflow and proximal out-
flow. The donut-shaped lumen could be com-
pletely occluded with coils (Figure 2C,D). The 
coils did not penetrate into the thrombus. Fol-
low up MRA is scheduled.

ferred to our hospital for endovascular treat-
ment. Angiography with 3DRA revealed an 18 
mm partially thrombosed aneurysm on the left 
superior cerebellar artery with a donut shaped 
lumen (Figure 2A,B). The flow was circular and 

Figure 1  Incidental large basilar tip aneurysm in a 50-year-old woman. A,B) CT angiography demonstrates large spherical 
basilar tip aneurysm. C,D) 3DRA of the same aneurysm 10 days after stent placement in the right posterior cerebral artery. 
The aneurysm is now largely thrombosed with a donut-shaped remaining lumen.
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large aneurysm in the region of the right carot-
id tip (arrow in Figure 3A). Angiography and 
3DRA revealed a 17 mm partially thrombosed 
carotid tip aneurysm with a donut-shaped lu-
men. There was an additional small aneurysm 

Case 3

A 46-year-old man was admitted with poor 
grade subarachnoid hemorrhage. CT showed 
diffuse subarachnoid blood (Figure 3A) with a 

Figure 2  Incidental superior cerebellar artery aneurysm in a 70-year-old woman. A,B) 2D angiography (A) and 3DRA (B) 
show the large left superior cerebellar artery aneurysm with donut–shaped lumen. C) Circular deposition of coils in the do-
nut-shaped lumen. D) Almost complete occlusion after coiling.

A B

C D



The Donut Sign: a New Angiographic Sign for Partially Thrombosed Aneurysms with Flow-Induced... Sanne B van Rooij

58

Discussion

We observed three patients with partially 
thrombosed intracranial aneurysms with a do-
nut-shaped remaining lumen. All three aneu-
rysms were large and unruptured, were spheri-
cal in shape and had circular and laminar flow 
with a distal inflow zone and proximal outflow 
zone. Two aneurysms were located on a bifur-
cation and one was a sidewall. It is likely that 
aneurysm and parent vessel geometry played 
an important role in the pathogenesis of the in-
traluminal thrombus. In patient 1 the intralumi-
nal thrombus in the basilar tip aneurysm 
emerged in a time course of several days after 
stent placement in the right posterior cerebral 
artery. Apparently, the flow alteration caused 
by the stent induced a preference of circular 
flow in the spherical aneurysm with very slow 
flow or even cessation of flow in the remaining 

on the right posterior communicating artery 
(PcomA) (Figure 3D, arrow). Because both an-
eurysms had a wide neck, a stent was positioned 
in the M1 and supraclinoid carotid artery that 
covered both aneurysms. Subsequently both 
aneurysms were coiled with rather loose pack-
ing in the small PcomA aneurysm (Figure 3E, 
arrow). Before stent placement, 500 mg intra-
venous aspirin were administered and after 
coiling the patient was loaded with double anti-
platelet medication. The patient gradually re-
covered but on day 10 after coiling there was a 
sudden clinical deterioration. CT scan (Figure 3 
F-H) showed a recurrent subarachnoid hemor-
rhage with a large subdural component causing 
mass effect and midline shift. Since the hemor-
rhage was mostly subdural, the most probable 
cause was a rebleed from the small PcomA an-
eurysm and not from the large carotid tip aneu-
rysm. The patient died the same evening. 

Figure 3  A 46-year-old man with poor grade subarachnoid hemorrhage. A) CT scan shows SAH and aneurysm (arrow). 
B-D) 2D angiography (B,D) and 3DRA (C) demonstrate a donut-shaped large carotid tip aneurysm and a second aneurysm 
on the PcomA (arrow in D). E) Coil meshes after coiling of the carotid tip aneurysm and the small PcomA aneurysm (ar-
row). F-H) CT scan 10 days after coiling shows recurrent hemorrhage from the PcomA aneurysm with a large subdural 
component and mass effect.

A B C D

E F G H



www.centauro.it Interventional Neuroradiology 20: 55-59, 2014 - doi: 10.15274/INR-2014-10009

59

other partially thrombosed aneurysms. Most 
partially thrombosed aneurysms are character-
ized by recurrent subacute intramural dissec-
tions with repeated subadventitial bleeding and 
progressive enlargement of the aneurysm. On 
MRI, the repeated wall dissections may cause a 
so-called onion-skin appearance. The process 
of growth by dissections and intramural hemor-
rhage from the vasa vasorum may induce peri-
aneurysmal edema and rim enhancement of 
the aneurysm wall. The location of the throm-
bus in these aneurysms is mainly in the aneu-
rysm wall (intramural) and not in the aneurysm 
lumen 1-3. This same mechanism of growth is al-
so suggested for serpentine aneurysms that de-
velop from fusiform aneurysms 5.

Our three cases demonstrate that besides the 
more common intramural location of thrombus 
in partially thrombosed aneurysms caused by 
repeated wall dissections there is a subset of 
partially thrombosed aneurysms with intralu-
minal location of the thrombus induced by flow 
conditions inside the aneurysms.

parts of the spherical aneurysm. This lack of 
flow in large parts of the aneurysm in turn 
caused thrombosis leaving a donut-shaped lu-
men. During coiling, the coils easily penetrated 
the thrombus in patients 1 and 3 suggesting 
relatively fresh and soft intraluminal thrombus. 
In patient 2 the thrombus was too hard for the 
coils to penetrate suggesting hard and long-
standing thrombus.

Our observations strongly suggest that the 
formation of intraluminal thrombus in some 
aneurysms is related to flow conditions and 
may be a dynamic phenomenon. When aneu-
rysm and parent vessel geometry favor a par-
ticular circular laminar flow pattern, flow in the 
remaining part of the aneurysm may slow down 
or even stop thereby inducing spontaneous 
thrombosis with a remaining donut shaped lu-
men to accommodate the flow. The thrombus 
in these aneurysms is located in the aneurysm 
lumen itself and is not intramural.

The pathogenesis of intraluminal thrombus 
in these type of aneurysms differs from most 
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